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ASYMPTOTIC  EFFECTIVENESS  OF  GENERALIZED  V-FILTERS 

V.  T.  Dolgochub  and  n.  B.  Sverdlik 

I 

A method  of  synthesizing  filters  which  maximize  th?  ratio  («)  of 
the  square  of  the  peak  modulus  to  the  sum  of  the  squares  of  the  side 
lobe  moduli  in  a certain  range  of  the  reciprocal  ambiguity  function 

was  proposed  in  *1].  One  version  of  the  realization  of  these  filters, 
called  generalized  V - f liters,  consists  of  a delay  line  (DL)  [^T31  with 
* leads  to  which  complex  weighting  factors  are  connected.  The  duration 

(T«)  of  tba  filter's  pulse  response  can  be  equal  to  or  greater  th«s  I 

the  sigsal  length  (r.,)  , while  the  intervals  between  the  leads  (t.) 
are  equal  to  or  shorter  than  the  discrete  (ti)  signal  length.  The 
swoothinq  filter  at  the  outlet  of  the  DL  is  Batched  with  interval  t. 
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Report  [1]  showed  thdt  parameter  a is  the  nonde::r3a3i  nq  function 
of  ratio  t*!Tc  The  analysis  of  the  output  signals  of  the 
calculated  filters  shoved  that  parameter  « essentially  increases  with 
the  increase  in  ; paraaeter  p (the  ratio  of  the  peak  to  the 

maximum  side  loop)  also  increases  simultaneously,  while  p (the 
normalized  signal/noise  ratio)  decreases^  The  nain  peak  narrows  and 
parameters  6,  p and  p decrease  as  interval  t,  decreases. 

It  is  convenient  to  estimate  the  asymptotic  efficiency  of 
generalized  V-tilters  by  comparing  them  with  the  well-known  ^osk  ana 
iJrxovits  filters. 

Theoretically,  this  filter  [2]  makes  it  possible  to  suppress  the 
side  lobes  of  the  output  signal  to  the  zero  level  (here  5 = -,  p = 

-) . However,  the  pulse  response  of  this  filter  cannot  he  realized.  In 
view  of  the  behavior  of  parameters  o and  p,  we  can  assuaa  that 

V-filters  asymptotically  approxiaate  Hosk  filters  at  'd-ta  md  with 
the  increase  in  ratio  . To  confice  this  assasption,  we 

calculated  the  root-sean-sqaare  deviatioa  • of  the  frequency 
characteristics  of  generalized  V-filters  froe  those  of  the  nosk 
filter.  Figure  1 shows  the  dependence  of  < os  ^a/7'c  for  a 
IS-position  biphase  signal.  The  curve  shows  that  the  value  of  e 
actually  decreases  with  the  increase  in  t^it^  ; at  the 

value  of  e is  already  forty  tines  smaller  than  that  of  • at 
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T^/Tc-i.  At  r^/Tc-a  the  parameters  of  the  output  signal  from 

the  generalized  V-£ilter  assaae  the  values  a = 177,  ^ = 28,  p = 0-78. 

Thus,  it  follows  that  the  asymptotic  estimate  of  parametar  p of 
a generalized  V-filter  is  determined  by  the  value  of  pariaeter  p of 
the  Nosh  filter.  For  the  example  in  question,  the  asymptatic  value  of 

PafiHM^0,66. 


Thus,  generalized  V-filters  with  controlled  pulse  response  time 
mate  it  possible  to  realize  virtually  any  approximation  of  HosX 

f i It  ers. 

The  frequency  characteristic  ® (/<^)  of  the  well-known  Urkovits 
filters  is  define!  as  [ 3] 

«I)  Uo))-S  •(/<-)/ IS 

where  S(jw)  is  the  signal  spectrum. 

It  is  obvious  that  with  this  form  of  the  frequency 
characteristic  and  infinite  widening  of  the  spectraa,  the  output 
signal  is  a delta  function,  while  parameters  o-«>.  p-<».  p-0. 

Urkovits  filters  are  optimum  for  isolating  signals  against  a 
background  of  reflections  off  local  objects;  however,  tiiay  cannot  be 
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realized  in  practice. 

Since  the  passband  ot  a generalized  »/-filter  widens  with  the 
decrease  in  intecwal  , the  duration  of  the  output  signal  peak 

decreases,  which  lakes  it  logical  to  assume  that  generalized 
V-filters  approximate  Urkovits  filters  during  asymptotic  widening  of 

the  passband  (tm-^0).  Indeed,  the  analysis  cf  the  frequency 

characteristics  confirms  this  hypothesis. 

The  comparison  with  Urkovits  filters  was  made  in  the  area  under 

the  frequency  characteristics  in  sections 
0<h<l/T*.  I/T4</j<2/tA,  2/T4</,<3/T4, 

Figure  2 shows  graphs  of  the  redistribution  of  area  depending  on 
the  interval  at  As  the  graphs  indicate,  tia  nature  of 

the  redistribution  indicates  the  approximation  of  the  generalized 
V-filters  to  the  Urkovits  filter. 

However,  we  must  keep  in  Bind  that  widening  the  passband  of 
generalized  V-filters  at  T^-Tt  causes  an  increase  in  the  side 

lobe  level.  Therefore,  it  is  necessary  to  increase  ratio  in 

order  to  decrease  the  side  lobe  level. 

Thus,  we  can  say  that  generalized  V*-filters  asymptotically 
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approxinate  Urkovits  filters  with  the  increase  in  ratio  T*ITc  and 
widening  of  tna  passDand;  therefore,  they  can  be  considered  to  be  the 
practical  realization  of  the  approximation  of  Urkovits  filters  with 
controlled  memory  and  passband. 
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